
0886-7'798 (95)0000~-4 

A New Underground Air Traffic Control Centre 
for Oslo 

Bird Bakkejord and Jan B. Heyer 

Abotraet--The Civil AviationAdministration of Norway (NCAA) 
is currently undertakir~g a comprehensive programme for the 
modernization and enhancement of air traffic control services in 
southeast Norway. The most important element within this 
programme is the establishment of  a new Air Traffic Control 
Centre (ATCC) for Oslo t,~at will provide both area and approach 
control services within the area. A natiOnal air traffic control 
school (the AT8 Academy), which will provide both basic and 
advanced training for air traffic controllers, will be established in 
conjunctiOn with the A~CC. The facility will also provide for 
maintenance, developrru~nt and testing of  application software 
and system enhaneemem'~. The ATCC is sited underground, and 
administration and training facilitics are in buildings outside, 
connected to the air traffic control centre by a tunnel. The paper 
describes the rnq~r openztion systems and sub-systems that will 
support the ATCC activities. 

R d s ~ L  'Administration de l'Aviation Civile de Noro~ge (NCAA) 
a entrepris un vaste programme de modernisation et de 
d~veioppement des services de contrOle du trafic a~risn pour le sud- 
est de la Noro~ge. L "~l~ment le plus important de ce programme cet 
la mise en place d'un nouveau Centre de Contr61e du Trafic A~rizn 
(ATCC) pour Oslo, qui assurera les services de contrOle ausei bisn 
local que d'approche pour ce secteur. Une ~cole nationale de 
contr~le du trafic a~risn (Acad~mie A TS) sera cr~e en relation avec 
rATCC. L'installation aseurera l'entretien, le ddveloppement et le 
contrOle des logicisls et des syst~mes. L'ATCC est implant~ en 
souterrain, et lee locauz administratifs et de formation se trouuent 
dane des bdtiments ext~rieurs, reli~s au Centre par un tunnel. 
L ' A c ~ m i z  AT8 assurera une formation de base ainsi que des 
stages de perfectionnement pour les contr61eurs du trafic a~rien. 
L'article d#crit les principaux syst~mes et sous-syst~mes 
d" exploitation sur lesqnels s" appuisront lee activit~s de rATCC. 

Project Information--Summary 

T he Civil Aviation ,Adm; n~:ration 
of Norway (NC~A) is currently 
undertaking a comprehensive 

progrnmme to modervv~e and enhance 
its air  traffic control servicos in south- 
east Norway. 

The most importan|; element of this 
programme is the es tab l i shment  of a 
new Air  Traffic ControlL Centre (ATCC) 
for Oslo FIR (the Oslo Flight  Informa-  
t ion Region). The Oslo ATCC will pro- 
vide both area and approach control 
services within the area (see Fig. 1). 

A national ATS (,~r Traffic Ser- 
vices) Academy will bo established in  
conjunction with the ATCC. The ATS 
Academy will use the ATCC Simulator 
for both basic and advanced t lminin~ of 
air traffic controllers. The facility will 
also provide for maintenance, develop- 
ment and testing of application soil- 
ware and system enhancements. 

The air traffic contw~l centre is situ- 
ated underground. 

.Administration and: trninlnff facili- 
ties will be housed iv. outside build- 
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Figure 1. The new Oslo Air  Traffic Control Centre houses 41 work stations for 
air traffic controllers in a rock cavern facility. 
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ings, which will be connected to the air 
traffic control centre by a tunnel. 

The major operation systems sup- 
porting the air traffic control (ATC) 
activities include: 

• The operational ATC system, 
which encompasses radar  data 
and flight plan data-processing 
sub-systems. 

• The ATS simulator system. 
• The Voice Communication 

System. 
• The Operational Information 

System (OPS). 
Sub-system integration and control 

will be managed by a control and moni- 
toring system. All sub-systems will 
provide for a high degree of automa- 
tion, and will meet strict availability 
requirements. 

The inherent system capacities and 
flexibility, coupled with expansion ca- 
pabilities, will ensure that  the new 
Oslo ATCC will have the necessary 
capacity to hRnd]e projected growth in 

air traffic safely and efficiently, well 
into the next century. 

The mission of the Oslo ATCC sys- 
tem is to: 

• Enhance the safety of air travel 
through the timely acquistion 
and presentation of flight-related 
data for use by air traffic control- 
lers and support staff. 

• Suppert the trajningofair trat~c 
controllers and support staff. 

• Support the maintenance, de- 
velopment and testing of appli- 
cation software, as well as evalu- 
at ion of revised operat ional  
procedures. 

The Oslo ATCC system will be com- 
posed of the following sub-systems: 

1. The ATCC Operational System 
(OPS), comprising a central complex 
and interactive ATS units. 

2. The ATS Simulator System. 
3. A Control and Monitoring 

System. 
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e LOCATION OF T H E  NEW OSLO ATCC AT ROYKEN 
OSLO A |R  T R A F F I C  C O N T R O L L  C E N T R E  

Figure 2. The new Oslo Air Traffic Control Centre at Rcyken will replace the 
control centre at Oslo's Fornebu airport, shown at the upper right of  the figure. 

4. A Software Maintenance and De- 
velopment System. 

Project Desc r i p t i on  
A i r  traff ic in Norway, measured in  

numbers of passengers, has increased 
by 82% over the last ten years. A total 
of 16.1 million passengers travelled 
through Norwegian airports in 1991. 

The Civil Aviation Administration 
owns, operates and main ta ins  19 
primary airports in Norway, some of 
them in cooperation with the Ministry 
of Defense. In addition, the CAA is 
responsible for overall planning of non- 
s ta te -owned  airf ie lds  ( secondary  
airfields, short runway airfields and 
others). 

Oslo ATCC, the new control centre 
at RCyken (see Fig. 2), replaces the 
exis t ing control  cen t re  a t  Oslo's 
Fornebu Airport. 

Progress of the Construction 
In November 1987, the M~n~stry of 

Transport  directed the Norwegian 
Building and Es ta te  Department 
(SBED) to carry out construction of 
the new Oslo Air Traffic Control  
Centre. The assignment was based on 
a proposal for a room programme to be 
prepared by PAllAS engineering firm, 
on instructions of the Civil Aviation 
Administration of Norway (NCAA). 

A project team consisting of repre- 
sentatives from SBED, CAA, TRF (Nor- 
wegian Telecommunications for Design 
of Aircraft Navigations), and PAllAS 
was established in October 1988. 

The formal application for building 
license was forwarded to the authori- 
ties on March 1989, and the extensive 
blasting and excavation works began 
in August 1989. 

The building license was issued on 
January  26,1990. Bnildin~operations 
began in June 1990 and were com- 
pleted and approved on March 1992. 
CAA took possession of the buildinms 
on April 1, 1992. 

The Civil Aviation Administration 
of Norway is responsible for radar,  
data and communication installations 
in the buildings. These systems were 
installed in the autumn of 1992 and an 
initial trial run of the simulator was 
performed in January 1994. The Oslo 
ATCC facility is expected to be fully 
operational in July 1995. 

Construction Works 
Basis for Planning of Facilities 

The Oslo ATCC at RCyken com- 
prises the following six administra- 
tive and operation functions: 

1. Administration Region Rcyken: 
Air traffic control for eastern Norway. 

2. Oslo ATCC, which includes edu- 
cational and trRinlng facilities in this 
connection. 

170TuN~LUNG AN]) UNDERGROUNV SPACE TECHNOLOGY Volume 10, Number 2, 1995 



7 

/ 

Figure 3. Oslo Air Tra.ffic Control Centre: view of the building in the rock cavern. 

3. AT8 School: Air traffic control 
school for Norway. 

4. ETATS School: covers all activi- 
ties within Civil Aviation j~dminintra- 
tion of Norway. 

5. CAAAirNavigationDepartment: 
Operation and maintenance of data, 
radarinformation and ctlm munications 
equipment. 

6. Operationandmo~intenan~func- 
t/ons related to the facLlities. 

Localion 
Independent of the selection of a 

final ]ocation for a new Os]o airport, 
the new Oslo ATCC was located at  
Reyken, west ofOslo. ~ e  main access 
is by main highway RV 282 to RCyken. 

Design of the Buildi~ls 
The design of the facilities he_A been 

based on cost-effectiveness studies, 
t~klng into censideration both invest- 
ment  costs and the costs of operation 
and maintenance. Recognized and 

technical selutions for construc- 
tion materials  and finish have been 
chosen. 

The buildings have been designed 
with construction flexibility in mind: 
i.e., expension possibilities, as well as 
possibilities for rearranging the layout 

within the given limitations. Therefore, 
the rock cave created by excavation is 
large enough to allow for considerable 
expAnAion. 

The main access to the facil/ties is 
through the central hall in the Admin- 
istration building, with connection to 
the control centre in rock through an 
access tunnel. 

The main functions ofthe ATCC, i.e., 
the con t ro l  r o o m  with associated sup 
port facilities, are located in rock for 
protection purposes. This underground 
bui]din~ portion of the ATCC is three 
stories deep (see Figs. 3, 4 and 5). The 
base area ofthe cave is approx. 2600 m 2. 

The parts  of the ATCC tha t  do not 
need fortification protection are placed 
in the a d m i n i s t r a t i o n  b u i l d i n g ,  
which is located outside the rock, but 
adjacent to the protected facility (see 
Fig. 6). The three-story-high adminis- 
tration building has a base area of 
approx 1810 m 2. 

A building with accommodation fa- 
cilities has  been constructed for exter- 
nal CAA personnel staying at  the cen- 
ter  for longer periods. This pe r son -  
ne l  q u a r t e r s  building is located near  
the entrance to the site. The two-story 
building has a base area of approx. 
665 m 2. 

The g a r a g e  bu i l d ing  has a base 
area of 325 m ~. 

Costs of construction for the project 
are given in Table 1. Table 2 gives the 
areas and volumes of spaces for the 
facility that  were created by blasting. 

Connection Tunnels 
In order to ensure that  the ATCC 

would function accordin~ to intentions 
and requirements, it was necessary to 
construct c o n n e c t i o n  t u n n e l s  be- 
tween the different parts  of the facility 
(see Figs. 7 and 8). 

The main access to the ATCC is a 
corridor-type tunnel from the Admin- 
istration building. 

Access to support funct/ons has been 
provided as a service tunnel directly 
from the outside, so that  maintenance 
and repair  work will not interfere with 
normal operation of the control centre. 
The maintenance tnnnel can be used 
by cars. 

In addition to this maintenance 
tunnel, other t -nne ls  have been con- 
structed for ventilation purposes (see 
Fig. 9). 

Structural Systems 
The r o c k  c a v e  area (Fig. 10) is 

pr imar i ly  composed of Drammens-  
granitt ,  a strong red granite. The 
strength of the rock has been decisive 
for the choice of width and shape of the 
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Figure 6. The completed administration building for the Oslo ATCC is aboueground, adjacent to the underground control 
centre facility. 

excavation. The main cave has been 
placed in an area with no observed 
zones of weakness. The predominant 
direction of the excavation is approx 
45 ° on the direction of the main cracks. 

The permanent recksuppertis based 
on systematic rock belting, combined 
with 10 cm of shotcrete. There has 
been no need for heavy concrete lining, 

Colurnn~ and beams in the middle 
o f t h e u n d e r g t o u n d b u i l d i n r i n  r o c k  
are made of prefabricated concrete el- 
ements. The intermediate slabs and 
roof slab are made of prestressed con- 
crete elements. 

The complete building has been en- 
closed in an envelope of Cortenssteel to 
obtain full EMP shielding. 

The structural system of the ad-  
m i n i s t r a t i o n  bui ld ing  is formed by 
prefabricated concrete elements. In- 
termediato slabs and the roof slab area 
are supported on beams and col-runS. 

Wind forces are distributed by the slabs 
to the walls around stairways and end- 
walls of the building. 

The a u d i t o r i u m  b u i l d i n g  is made 
of reinforced concrete poured in-situ. 
The roof is supported on frames of 
laminated wood. 

The p e r s o n n e l  q u a r t e r s  building 
also has been provided with a structural 
system of reinforced concrete peuredin- 
situ. However, the roof support slab is 
made of prefabricated concrete elements. 
The roof is made of wood. 

Fire Risk Evaluation of Building in 
Rock 

The functions of the underground 
control centre par t  of the facility are 
very important  to air  traffic in peace- 
time, as well as in war. Generally, the 
building is fireproof and the fttmiture 
and equipment do not represent a large 

fire load. To the greatest  extent pos- 
sible, the finiRhes are made of non- 
combustible and fire-retardant mate- 
rials, which will not emanate  any toxic 
gasses in case of fire. 

The buildinghas been provided with 
a fire-alarm system, and the most im- 
pertant  rooms have been equipped with 
halon flre-extinguishlng systems. The 
electric cables are non-combustible and 
non-toxic. 

There are four exit t~lnneiA that  
be used for fire escape. 

H V A C  Instal lat ions 

HVAC installations for the admin- 
istrat ion building and  the under-  
ground building in rock are not inter- 
connected, but  instead act as totally 
independent units. 

The philosophy behind beth the 
planning process and the choice of 

Table 1. Approximate costs of construction for the Oslo 
ATCC project. 

~c 
Project Structure Cost (approx.) 

Rock cavem 18 million NOK 

Building in rock 102 million NOK 

Aboveground buildings (outside) 130 million NOK 

Note: NOK - $US conversion factor .154 

Table 2. Blasting performed for underground portions of 
the Oslo ATCC project. 

Portion of Area Volume 
Underground Work (approrQ (approx.) 

Main access 21 m 2 2500 m s 

Service access 26 m ~ 2800 m a 

Ventilation tunnels 10 m ~ 46,500 m a 

Rock cavern 390 m 2 6500 m 3 

Roads, areas (approx.) 7,000 m a 
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Figure 7 (left): Main access tunnel to the undergrvund portion of the Air Traffic Control Centre. Figure 8 (right): The 
service tunnel will allow maintenance and repair work to be performed without interfering with normal operations of the 
Control Centre. 

HVAC systems emerged in close coop- 
eration with the users. The most im- 
portant  obejctive was to create a tech- 
nical installation that  would ensure 
continuous operation a~d which would, 
a t  the same time, be flexible with re- 

gard to future alterations. Other con- 
siderations were easy maintenance and 
energy efficiency. 

Flexibility has been achieved to a 
great extent by separat ing ventilation, 
heating and cooling systems and by 

using standard/zed components. 
Hea t  recovery and free cooling fa- 

cilities have been introduced where 
feasible. Waste heat from water  chill- 
ers is used to cool ventilation air. 

Figure 9. Aboveground ~ccess to the ventilation tunnel. 
Figure 10. Rock cavern for the Oslo ATCC. The main rock 
of the area is Drammensgranitt, a strong red granite. 
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Figure 11 (top), and Figure 12 (bottom): The OPS (operational system) Centre, 
after completion and in plan. 

Cooling System 
Ventilation air  for technical facili- 

ties in rock cavern building is cooled 
by means of chilled water produced in 
three chiller units. 

Chilled water is distributed to cool- 
ing coils, fan coils, cooling ceilings and 
room coolers throughout the building, 
in areas where cooling is required. 

The condenser circuits of the water 
chillers are cooled by three axial f~n~_, 

with variable pitch angles, which draw 
outside air  through the condenser coils. 

A similar cooling system with two 
chiller units has  been installed in the 
Administration building. 

Air Conditioning 
The OPS (operational system) Cen- 

tre is totally air-conditioned, with fully 
developed temperature  and humidity 

controls (see Figs. 11 and 12). Ventila- 
tion air  is supplied a t  a constant rate a t  
conditions of 20°(3 and 50% relative 
humidity. 

Heat  loads in the different rooms 
are removed through the use of chilled 
water  recirculating through fan coils 
or coolingceillngs. The generator reom, 
UPS room and other power rooms are 
cooled by large room coolers recirculat- 
ing and cooling the room air. 

Heating System 
The Adminis t ra t ion  building is 

heated by convectors, installed on the 
perimeter wall and supplied with hot 
water  between 70°C and 90°C. Hot 
water  is produced in a combined elec- 
trical/oil fired boiler. 

The rock cavern building is heated 
by small electric panel heaters. 

Central Vacuum Cleaning System 
Both build/nms are furnished with a 

central vacuum cleaning system. 
Floor-mounted inlets have been 

placed to cover all areas and are con- 
nected to a central unit via welded 
steel pipes. The installation can be 
used for both dry and wet cle~nlng. 

Sanitary Installations 
The bui]dinos are connected to the 

domestic water  and sewage system in 
RCyken. A new 2-km-long connection 
to the existing facilities in Rcyken town 
centre was a par t  of the project. Fur- 
thermore, sani tary iustaUatious and 
water  supply have been provided in 
accordance with standard Norwegian 
regulations. 

Building Automation 
Direct digital control-type electronic 

control devices have been installed for 
building automation purposes. 

The autonomic subcentrals are con- 
nected to a central monitoring system, 
with one work station in each building. 
More than  2000 points are connected 
to the system and available on the 
screen. 

The central monitoring system also 
incorporates a programme for auto- 
matic s tatus and alarm transmittal  to 
external subscribers via modem. 

Ventilation System 
Conditioned air  is supplied to the 

various rooms in accordance with Nor- 
weglan regulations. No recirculation 
of air  takes place. Heat  recovery is 
performed by means of water  circulat- 
ing between air inlet and outlet cots. 

The administration building is pro- 
vided with four air-handling units tha t  
supply conditioned air. The ventila- 
tion system is divided up to satisfy 
different requirements in the various 
parts  of the building. 
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Air is supplied to tim different rooms 
using ceiling-mounb~l diffusors. In 
the operation and control rooms, the 
air is supplied using the low-impulse 
method, i.e., slightly chilled air sup- 
plied through floor-mounted diffusers. 

The rock cavern bui]dlng ventila- 
tion system is dimensioned for secured 
operation. A reduced amount of air  is 
supplied through ge~-tight dampers 
and NBC filters. Most of the air is then 
revitalized and recirculated. 

Fire Protection System 
A separate  smoke evacuation sys- 

tem has been installed in the rock cav- 
ern building. I ts  mv~[n task is to pre- 
vent smoke from entering the emer- 
gency exits. This is achieved by forced 
evacuation of air  from the fire zone and 
by pressure control of the rest  of the 
building. 

Technical rooms sJad power supply 
room are equipped with a halon fire- 
fighting system. At the time of con- 
struction, this was the only suitable 
type of installation, since it is not per- 
missible to disconnect: the power sup- 
ply in the event of a fire. 

In addition, selecb~ firo-resistant 
and non-toxic materials have been used 
throughout the install ation to prevent 
the occurrence of poisonous gases. 

Electrical Installations 
Power supply 

Electricity for the installations is 
provided by two substations. 

The substation for the installations 
in the rock cavern building has two 
transformers,  each rate-el a t  800 kVA. 
The substation for buildings outside 
has one transformer rated at  800 kVA 
and another  rated at  630 k V ~  The 
l a t t e r  provides power  for hea t ing  
purposes. 

The distribution voltage is a 400-V, 
TN-S system. 

An emergency power plant consist- 
ing of three diesel-electric units has  
been built for the rock cavern building 
installations and important  technical 

equipment in the outside buildings. 
Each aggregate is rated at  700 kVA 
and covers 50% of the load. 

This emergency plant also contains 
a UPS-installation to supply power to 
communicatiOns and computer equip- 
ment. The installation ceusists of three 
UPS-uuits connected in parallel. Each 
unit  covers 50% of the load. The UPS 
units have a common bat tery bank, 
with a 100% load capacity or 530 kVA 
for 30 minutes. 

For the main power distribution 
panels, plug-in circuit breakers are 
used. The main power panel for UPS- 
power supply has a double bus bar  
system to make servicing possible with- 
out cutting the power of any circuit. 

Capacitors have been installed to 
correct the power factor, and a har- 
monic absorber filter has been placed 
on the pr imary side of the UPS. 

Shielding 
For EMP (Electromagnetic Pulse) 

protection, the main parts  of the rock 
cavern building installations are lo- 
cated within a steel-shielded building 
and all metallic cables are protected by 
EMP filters. For thiR reason, the in- 
stallations have an extensive ground- 
ing system. 

Power Distribution 
All of the main cables inside the 

buildings have been placed on cable 
ladders or are contained in cable ducts. 
The main equipment rooms have data 
floors wherein cable ladders and ducts 
are installed. 

Lighting Installations 
Throughout the p)nnnlng process, 

great  emphasis has been placed upon 
the  importance of minimizing the 
operat ing expenses for all l ighting 
installations. 

For the operation and simulating 
rooms, and for rooms where data ter- 
minals are installed, special care has 
been taken to avoid glare and reflec- 
tion on screens. 

Cable Installations for Tele- 
communications and Data 
Equipment 

A flexible cable system has  been 
provided for all of the buildings. 

Supporting Communication 
Systems 

For both warning and general infor- 
mation purposes, a public address sys- 
tem covering all the buildings has  been 
provided. 

The maintenance depar tment  will 
have an additional internal telephone 
system, which will make it possible for 
a manager  to reach various personnel 
whenever  and whereever  they are 
working. 

Fire Detection and Fire 
Extinguishing System 

All buildings are controlled by an 
automatic, analogue, addressable fire 
detection system. Each building has 
i t s  own central unit that  can alert the 
local fire brigade directly. Internally, 
an a larm from the central uni t in  one of 
the buildings also activates the central 
unit  in the other buildings, so that  
a larms are sounded throughout the 
installations. 

Displays have been installed at  all 
central areas to advise people in the 
event that  a fire has been detected. 

For the most important  technical 
rooms, halon extinguishing systems 
have been installed. However, these 
have been kept to a minimum and are 
only installed where other possible so- 
lutious are not available. 

The halon systems are connected to 
the fire a larm central units to ensure 
tha t  the a larm system cover the whole 
installation. 

Control System 
An access control system covers the 

entrance and other important  doors. 
This is connected to an alarm central. 
In addition, an ITV-system has been 
installed. [ ]  
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